To evaluate the clinical and functional results of surgical treatment for fibrous deltoid muscle in children, a retrospective study has been undertaken. The data were analysed on 105 patients with age over 5 years (182 shoulders) 
Introduction
Fibrous deltoid muscle may be congenital or secondary to intramuscular injection or direct trauma [1] [2] [3] [4] [5] [6] [7] . In the Asian countries, intramuscular injections are used commonly to treat the children who had an infection, or even a fever. The contracture, as identified intraoperatively, is due to a fibrous band in the deltoid muscle. This finding has been confirmed histopathologically [1] . Cosmetic problems include abduction contracture of the shoulder and winging of the scapula, dimpling of the skin, and a palpable fibrous band [6] [7] [8] [9] [10] (Fig. 1a-d ).
Material and methods
A retrospective study was undertaken to evaluate the results of four surgical techniques that were performed from August 1994 to December 2004, in 111 patients (191 shoulders). Five patients were present under 5 years of age, who were not operated and recruited in this study because of the postoperative cooperation. Six patients (nine shoulders) were excluded from the study owing to the insufficient follow-up. The remaining 105 patients (182 shoulders) formed the basis of this study. In 16 patients of them with fibrous deltoid muscle has been associated with fibrous contractures of the gluteal, quadriceps, triceps, and rectus femoris muscles, which is likely a similar process.
Preoperatively, information was obtained about the type and quantity of the medication that had been injected, frequency of injection, history of trauma, age at the onset of symptoms, duration of symptoms, associated contractures, localized skin changes, pain, cosmetic problems, and changes in functional activities.
We measured the abduction-contracture, extensioncontracture, and scapulohumeral angles, as well as the range of motion with a goniometer (Fig. 2 ).
Anteroposterior radiographs of both shoulders with both arms in a downward resting position were performed systematically for every patient. Anterior protrusion of the humeral head in relation with the glenoid cavity is suggestive of anterior subluxation of the humeral head [7, [11] [12] [13] . Rotation of the scapula was assessed on anteroposterior radiographs of the chest with both arms in a downward resting position [14, 5] . A decrease in the degree of overlapping of the scapula and the thoracic cage, as well as a decrease in the distance between the superior angle of the scapula and the coracoid process, were best seen in patients who had unilateral involvement. Axial radiographs, arthrograms, computerized tomography scans, or magnetic resonance images were made when there was a suspicion of subluxation or dislocation of the humeral head or rotator-cuff disease.
The severity was classified according to the following criteria ( Table 1) :
The indications for operative intervention included 251 of abduction contracture or more with the arm at rest. Patients should be at least 5 years old and should show evidence of progressive deformity during growth or change in the bony anatomy, chronic discomfort, and appearance concern.
The patient was operated by only one surgeon (the author). For each patient we used only one of the four techniques ( Fig. 3 ): type I, proximal release; type II, distal release; type III, lengthening fibrous band; and type IV, distal release of the fibrous band and transfer posterior portion of the deltoid muscle to fill the gap in the deltoid muscle. The choice of the technique depends on the preoperative degree of severity and most serious patients were operated by type IV.
The patients were discharged on the next day, after being instructed with regard to a home exercise program.
Postoperatively, we documented the correction of dimpling of the skin and scapular winging; range of motion; abduction-contracture, extension-contracture, and scapulohumeral angles; degree of functional use of the upper extremity for grooming, results of manual muscle testing according to Jones's classification, and complications. We evaluated the patients independently at 1 week, 3 weeks, 6 weeks, 3 months, and every 6 months thereafter. An anteroposterior radiograph and a scapular radiograph of the shoulder, as well as an anteroposterior radiograph of the chest that included both shoulder joints, were made 1 and 6 weeks after the operation, and every 6 months thereafter if there were any changes in the shoulder joint. The clinical result was graded as good if the total residual angle of contracture was 51 or less (that is, if both the abduction-contracture and the extension-contracture angles were 51 or less and the scapulohumeral angle was 501 or more), as fair if the total residual angle was more than 51 and scapulohumeral angle was greater than 20 to less 501, and as poor if the total residual angle was 151 or more and scapulohumeral angle was less than 201, or if complications had led to decreased muscle power or functional activity (less than three points according to Jones's classification).
Results
From August 1994 to August 2004, 105 patients (182 shoulders) were operated, Of whom there were 19 patients under the age of 12 years. In 101 patients (176 shoulders), the fibrous deltoid muscle had developed after repeated intramuscular injections of antibiotic(s) into the deltoid muscle. Most of those injections were performed in the first 24 months of life. The medical agents that had been injected were all antibiotics: penicillin in 62 cases (61.4%), penicillin and gentamycin in 31 cases (30.7%), and others like lincomycin, streptomycin and cloxacillin in eight cases (7.9%). In 16 patients (28 shoulders), the fibrous band developed between the ages of 5 and 9 years. In 78 patients (138 shoulders), the fibrous band developed between the ages of 10 and 14 years. In 11 patients (16 shoulders), the fibrous band developed between the ages of 15 and 19 years. The four remaining patients (six shoulders) had a congenital contracture of the deltoid without antibiotic intramuscular injections and they did not have any history of birth trauma or other congenital anomalies.
The average age at the time of the operation was 10 years and 4 months (range, 5 years and 7 months to 19 years and 2 months). Sixty-four female patients and 41 male patients were present. Both shoulders were involved in 77 patients and the right shoulder was involved in eight patients, and the left shoulder was involved in 20. The average duration of follow-up was 3 years and 2 months (range, 2-9 years and 5 months).
Preoperatively, manual muscle strength tested with the shoulder in flexion, extension, and abduction was normal in all patients. Three months after the procedure, there was no decrease in manual muscle strength. Postoperatively, all the patients recovered muscle power equal to or better than 4 points according to Jones's classification.
One hundred and seventy-seven shoulders (102 patients) were classified as serious and five shoulders (three patients) were classified as medium. No mild cases were observed. Nearly one-half of serious cases were operated by type IV technique (Table 2) . (Table 7) .
Type IV had the lowest rate of stairstep deformity or loss of the natural roundness of the lateral aspect of the shoulder (4.3%).
The fibrous band of the intermediate portion was involved in 140 shoulders (75 patients); in the intermediate and posterior portion of the deltoid in 28
shoulders (19 patients); in the posterior portion only in seven shoulders (five patients); the anterior portion only in five shoulders (four patients); and the entire deltoid muscle in two shoulders (two patients), which had a congenital contracture.
We performed muscle biopsy intraoperatively, which showed marked fibrous tissue of intermediate portion as well as the degeneration of the anterior and posterior portion of the deltoid muscle (Fig. 4 ). All these signs were also seen in fibrosis of the quadriceps, triceps, and gluteal after antibiotic intramuscular injections.
Anterosuperior subluxation of the humeral head was noted on the preoperative radiographs of 132 shoulders [72.5% (76 patients)] Out of them 116 shoulders [87.9% (65 patients)] recovered completely postoperatively (Fig. 5) .
Droop of the acromion was seen preoperatively (Fig. 6 ) in 45 patients who had had the fibrous deltoid before 15 years of age; postoperative droop decreased in 37 of them. Persistent residual droop of the acromion was seen in the remaining patients.
One hundred and eighteen shoulders [64.8% (67 patients)] had formation of a keloid. Fifteen patients (19 shoulders) had calcification at the site of insertion of the deltoid muscle, but they were asymptomatic (Fig. 7) . No wound infections or neuromuscular complications were observed. Five shoulders (2.7%) had postoperative hematomas in the gap, which were resorbed spontaneously within 3 weeks.
Discussion
Abduction contracture of the shoulder owing to fibrous deltoid muscle has become an increasingly known entity since it was first described in 1966 [13] . The literature consists primarily of case reports [1-3,5,7,12,15,16]. In Table 4 The postoperative abduction angle terms of congenital contracture some reports mentioned direct trauma to the deltoid muscle whereas the others did not [1, 3, 6, 7] The most common cause of deltoid fibrosis has been related to postinjection muscular changes. Similar to fibrosis of quadriceps, multiple drugs have been implicated as the cause of the contracture, including diamine, iron, tetramycin, penicillin, lincomycin, streptomycin, pentazocine, tetramycin, vitamins, and antipyretics [2, 4, 8, 17, 18] . The injection site is also correlated with the disease development. In an investigation of 9845 healthy children Sun detected 122 cases of gluteal muscle contracture (1.36%), which probably is due to repeating injections of penicillin diluted by 1.5-2% benzyl alcohol [19] [20] [21] . In another series, Babhulkar [22] Showing anterior subluxation of the humeral head in relation to the glenoid cavity, showing droop of the acromion.
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suggest the existence of a constitutional and predisposing race factor in the etiology of fibrous deltoid muscle.
Cosmetic problems include abduction contracture of the shoulder and winging of the scapula, especially on attempted adduction of the joint [6, 8, 10, 13] . The scapulohumeral angle is disproportionally related to grade of the winging of scapula. Long-standing fibrous deltoid muscle produces dimpling of the skin, a palpable fibrous band and leads to droop of the acromion and migration of the humeral head. The only functional disturbance that has been reported is limitation of horizontal adduction of the shoulder. Operative intervention has been reported to reduce the abduction contracture, winging of the scapula and chronic discomfort [6, 23, 24] .
Few reports of anterior dislocation of the shoulder secondary to contracture of the deltoid muscle have been observed [2, 25] ; reports of anterior subluxation are more common [1, 5, 16] . In this research, important anterosuperior subluxation was seen in 132 shoulders [72.5% (89 patients)] preoperatively, although there was no functional disability or symptoms of instability reported. The overgrowth of the proximal humeral epiphysis, results in abduction and partial anterior subluxation of the shoulder. Initially, this is compensated for by upward displacement and rotation of the scapula until upward and outward rotation is no longer possible; at that time the abduction deformity becomes obvious [1] . If the contracture develops in a child who has considerable hypermobility of multiple joints, the scapula may not rotate outward and the glenohumeral joint will dislocate. It is difficult to quantify the degree of rotation of the scapula and droop of the acromion; however, these changes resolve after release of the contracture in all cases [14, 26, 27 ].
Oh et al [13] suggested that as the fibrosis involves only a portion of the muscle, the deformity can be corrected by simple release of the fibrous band; other investigators [28, 29] have agreed with this recommendation. Most authors have performed proximal release or excision of the contracted bands [1, 5, 6, 14, 30] ; however, as mentioned, this method has been associated with inadequate release, a gap between the acromion and the deltoid and loss of roundness of the lateral aspect of the shoulder. Recession of the insertion of the deltoid to a more proximal attachment releases the contracture and increases glenohumeral motion. Some authors such as Bhattacharyya, Goodfellow and Nade, and Sato et al. [1, 3, 18] perform the resection of the fibrotic component, which is impossible in cases of fibrosis of entire muscle. Minami et al. [6] suggested transfer of a portion of the posterior fibers of the deltoid anteriorly or laterally to correct some of these complications. Neviaser and Neviaser [12] believed that an intact deltoid muscle is essential to obtain a good functional result after revision procedures for tears of the rotator cuff. Manske [28] apparently was the first to report distal release in a patient who had diffuse fibrosis of the entire deltoid muscle. Chen et al. [10] also reported encouraging results after distal release.
In this study, proximal or distal release of the fibrous band was performed. Loss of roundness of the lateral aspect of shoulder, a visible gap between the acromion and the detached deltoid or between the medioinferior deltoid muscle, and inadequate release, however, are some of the shortcomings of those procedures [5, 6, 14, 15, 23] . In case of large fibrous band (diameter over 1 cm), we performed type III technique to reduce the importance of the gap by creating two small gaps, -proximal and distal ones, instead of one big gap (Fig. 3) . As mentioned above, the degeneration also reduces the elasticity of the posterior portion so one could not push the elbow across the midline of his body and against his chest without releasing it from its insertion. The type IV technique, by transpositioning the insertion anteriorly and laterally, reduces the contracture from the posterior portion while preserving its function. Furthermore, this transposition fills the gap, and corrects the staircase deformity.
Surgical treatment was centered on the release of the contracted fibrous bands. The most commonly reported indications for surgical treatment are cases in which the abduction contracture at rest is greater than or equal to 251. Patients should be at least 5 years old and should show evidence of progressive deformity during growth or changes in bony anatomy (e.g. head flattening, changes in acromial morphology, widening of the acromioclavicular joint, scoliosis and narrowing of the thoracic cage). Children under 5 years are not aware of the cosmetic (a) Postoperative, the patient had formation of a keloid (b) postoperative, the patient had calcification at the site of insertion of the deltoid muscle.
problems and are unable to cooperate with physicians in terms of postoperative kinesitherapy.
Most of these bony abnormalities may be exaggerated or underestimated, depending on the radiographic imaging method and whether the bones are positioned adequately. The only bony deformity noted in this study is droop of acromion (45 patients), which has not altered the functional recovery; hence we have done nothing about that. Of these patients 37 got some improvement after the intervention (82.2%); the rest remained the same.
In managing contractures, it is important to know the specific area of contracture to plan the appropriate approach. A single band could be approached from a proximal or distal incision. Fibrosis of more than one portion of the deltoid is best approached through a distal incision. Most reports reveal the use of proximal incisions to expose the acromial attachment of the bands. This area has been exposed through transverse or longitudinal incisions. Transverse incisions have been associated with keloid formation and unattractive scars. Longitudinal incisions may not allow adequate exposure of the entire deltoid area and may require multiple incisions to perform adequate releases.
We started to operate on the fibrous deltoid muscle in August 1994. We preferred type III and type IV to reduce the rate of loss of the natural roundness of the lateral aspect of the shoulder muscle and staircase deformity.
Normal muscle fibers were preserved to avoid decrease in the strength of abduction, flexion, and extension of the shoulder. In the current research, 161 shoulders [95.6% (99 patients)] had a good clinical result. A total of 174 shoulders [95.6% (99 patients)] had complete resolution of the abduction contracture and 176 shoulders [96.7% (101 patients)] had complete resolution of the extension contracture (Table 8) .
Minami et al [6] used only the distal release technique and we seemed to have better results.
Conclusion
Deltoid fibrosis is an uncommon problem. In children, it is related to congenital or developmental defects or to intramuscular injections. Patients who develop contractures following injection probably have an inherent predisposition for development of fibrosis. In adults, contractures seem to be related to injections in their childhood. Injected agents usually are antibiotics such as penicillin, gentamycin, lincomycin, etc. The injection site correlated directly to the later disease region and hence the ratio of affected muscles depends on habitual injection sites of each country. Finally, once again, we strongly warn against intramuscular injection of antibiotics in children. 
